Introduction
Recently, research and development on new power semiconductors for electric machine drives have begun to be actively carried out. In particular, various investigations employing SiC devices, whose characteristics are a high voltage and an extremely low on-voltage, are being carried out. However, although most investigations are performed from the standpoint of the high-energy density of the inverter and/or converter, etc., studies on the effect on iron loss are hardly performed. The inverter circuit loss is equivalent to an iron loss increase by inverter excitation, so an elucidation of the effect on the iron loss by using a SiC is necessary.
In order to clarify the effect on iron loss of using a SiC with an extremely low on-voltage, two single-phase Pulse-Width-Modulation (PWM) inverters are built and used for excitation. One is a SiC-INV, which employs a SiC-MOSFET, and the other is a IGBT-INV, which employs a Si-IGBT as the conventional device. The results obtained from the inverters are compared.
Measurement Method
A ring made of electrical steel sheets (35H300) is used, and the SiC-INV and the IGBT-INV are used in the PWM inverter part in Fig. 1 . The ring is excited so that the maximum flux density becomes 1 T. The fundamental frequency and the carrier frequency are set to 50 Hz and 10 kHz, respectively.
Measured Results
In what follows, the case where the modulation factor is set to 0.6 is described. 
Discussion
To discuss the reasons for the similar iron loss values, the B-H curves are compared. 
Introduction
The rotor of a switched reluctance motor (SRM) is an extremely simple construction using only laminated silicon steel sheets. The SRMs have characteristics of high strength and low cost owing to this feature. In addition, the SRMs have no demagnetization problems in high-temperature environments, because permanent magnets are not used. High-speed variable-speed drives are possible, because the torque/inertia ratios of SRMs are high.
Because of these characteristics, practical utilizations is expected under heavy loads and in poor external environments such as electric vehicles (EVs) and motorcycles. However, the SRMs are driven by only reluctance torques, and additional excitation currents for the stator windings are needed to excite the rotors. Therefore, the motor efficiencies of SRMs are inferior to those of permanent-magnet synchronous motors used for EVs and motorcycles.
This paper describes the design of an SRM to obtain a high motor efficiency. The first step in the design makes the principle of improving the motor efficiency clear. Next, the cross-sectional and axial shapes of the rotor and stator cores are designed with a magnetic field analysis using 2D and 3D finite element methods (FEMs).
The magnetic field analysis using an FEM and transient analysis Fig. 1 . Flow chart for improving the motor efficiency for newly designed cores needs to be iterated in order to optimize the core shapes of the SRMs. The magnetic field analysis using an FEM consumes a considerable amount of time. Therefore, the transient analysis using the mathematical model of the SRM, mechanical system, and inverter is iterated to evaluate the relationships between the motor efficiencies and the core shapes, as shown in Fig. 1 . The design principles are derived from the evaluations. According to the design principle, the actual design of the number of core poles and the core shapes was carried out with the magnetic field analysis using 2D and 3D FEMs, and the number of core poles and the core shapes were determined to improve the motor efficiency more than 5%. A High-efficiency SRM is produced experimentally on the basis of the core design. Figure 2 shows the rotor and stator cores produced experimentally. Figure 3 shows the experimental results of the motor efficiency and output power. The high-efficiency SRM exhibits the better results compared with the standard SRM. The motor efficiency improvement of more than 5% was confirmed experimentally. Keywords: reference trajectory, on-line modification, positioning control A control method for improving the tracking performance with respect to the reference trajectory has been developed. The proposed control system has an inner/outer control structure. The outer control system is designed based on optimal preview control theory, and it is added to the outside of the existing control system, which is the inner control system. Figure 1 shows the proposed control system, where P r [z] is a plant; C[z] is a feedback controller of the existing control system;
Mr is a preview feedforward controller; F p , F c , F e , and F r [i](i = 1, 2, · · · , M r ) are controller gains that are designed based on optimal preview control theory; M r is a preview step number;x p is the estimated state of the plant; x c is a state of the feedback controller; u is a control input; y is a control variable; d is a disturbance; e is a tracking error; r is a reference trajectory; and r v is a modified reference trajectory.
The effectiveness of the proposed control method was confirmed by numerical simulations of the benchmark problem for hard disk drives (HDDs). The plant model P r [z] consists of seven mechanical resonant modes and a time delay. The control input u is the voltage supplied to a power amplifier. The control variable y is the head-position signal. The existing control system is designed based on the PID controller. Three types of constant value disturbances (−2, 0, and +2 mA) are applied as d. The seeking span is 10 tracks. The following three control systems were compared in the simulation: (a) the conventional control system without the outer loop, (b) the two-degree-of-freedom (TDOF) control system, and (c) the proposed control system. The TDOF control system is commonly used in HDDs and is designed based on zero phase error tracking control theory. Figure 2 shows the simulation results without the outer loop. Overshoot occurs in the position, and the position signal varies under the influence of the disturbance. Figure 3 shows the simulation results for the TDOF control system. Overshoot is reduced when the disturbance has no influence. However, overshoot occurs under the influence of the disturbance. Figure 4 shows the simulation results for the proposed control system (M r = 7). As shown in Fig. 4(b) , r v is modified on-line. Consequently, even when the disturbance has an influence, overshoot does not occur. 
